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Germline HOXB13 G84E mutation carriers and risk to twenty
common types of cancer: results from the UK Biobank
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Germline HOXB13 G84E mutation has been consistently associated with prostate cancer (PCa) risk, but its association with other
cancers is controversial. We systematically tested its association with the 20 most common cancer types in subjects from the UK
Biobank. The G84E mutation was found in 1,545 (0.34%) of 460,224 participants of European ancestry. While mutation status did not
associate with cancer risk in females, it was significantly associated with increased risk in males; odds ratio (OR) (95% confidence
interval) for overall cancer diagnosis was 2.19 (1.89-2.52), P = 2.5E-19. The association remained after excluding PCa; OR = 1.4

(1.16-1.68), P = 0.003, suggesting association with other cancers. Indeed, suggestive novel associations were found for two other
cancer types; rectosigmoid cancer, OR = 2.25 (1.05-4.15), P=0.05 and non-melanoma skin cancer (NMSC), OR = 1.40 (1.12-1.74),
P =10.01. For NMSC, the association was found only in basal cell carcinoma, OR = 1.37 (1.07-1.74), P = 0.03. These findings have

potential clinical utility for genetic counselling regarding HOXB13.
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BACKGROUND

HOXB13 was identified as a prostate cancer (PCa) susceptibility
gene in 2012.' A recurrent germline mutation (G84E) found
exclusively in European descendants co-segregated with PCa
diagnosis in families and presented at a significantly higher
frequency in PCa patients (1.4%) compared to unaffected controls
(0.1-0.4%) in the population. These findings have been consis-
tently replicated in large published studies®® In addition,
suggestive evidence for associations between the G84E mutation
and risk for leukaemia, bladder cancer, kidney cancer, non-
Hodgkin’s lymphoma, and breast cancer was reported, although
results were inconclusive due to small sample sizes of carriers.*”
The objective of this study is to systematically assess the
association of G84E mutation with risk for the 20 most common
types of cancer in a large population-based study.

METHODS

Subjects of this study were from the UK Biobank (UKB), a
population-based study with extensive genetic and phenotypic
data for approximately 500,000 individuals from across the United
Kingdom aged between 40 and 69 at recruitment (accessed under
Application Number: 50295).° Diagnosis of the 20 most common
cancers, ranked by the 2018 GLOBOCAN database,” were obtained
from self-report, inpatient diagnosis, and the UK cancer registry.
The G84E mutation (rs138213197) status was obtained from the
UKB Axiom SNP genotype array. Odds ratio (OR) and 95%
confidence interval (Cl) were estimated separately in males and

females using the logistic regression model adjusting for age at
study recruitment and the top two principal components derived
from 10,000 randomly selected SNPs across the genome.

RESULTS

A total of 1,545 HOXB13 G84E mutation carriers were found in
460,224 self-reported European descendants (all heterozygotes),
resulting in a carrier rate of 0.34%. The vast majority of carriers
(73%) did not have a reported family history of cancer (family
history among parents and siblings was reported for prostate,
breast, colorectal, and lung cancer in the UKB). While the mutation
was not associated with any cancer risk in females, it was
significantly associated with overall cancer risk in males; OR (95%
Cl) was 2.19(1.89-2.52) for at least one type of cancer, P = 2.5E-19
(Table 1). The association remained after excluding PCa, OR=14
(1.16-1.68), P =0.003, suggesting the mutation increases risk to
other types of cancer besides of PCa.

When examining specific cancer types, we confirmed the
association between the mutation and PCa risk [OR=4.81
(4.06-5.68), P=1.32E-53] and found two novel suggestive/weak/
marginal associations. For non-melanoma skin cancer (NMSCQ), the
male G84E carrier rate was 0.47% in 13,480 cases and 0.34% in
196,874 controls, OR = 1.40 (1.12-1.74), P=0.01. Specifically, the
association was found in basal cell carcinoma (BCC) [OR=1.37
(1.07-1.74), P=0.03] but not in squamous cell carcinoma (SCC)
[OR = 0.84 (0.39-1.55), P = 0.68]. In comparison, the mutation was
not significantly associated with BCC or SCC in females.
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For rectosigmoid cancer, the male mutation carrier rate was
0.77% in 780 cases and 0.34% in 209,574 controls [OR=2.25
(1.05-4.15), P=0.05]. It is noted that the mutation had a higher
but not statistically significant risk for rectal cancer [OR=1.77
(0.96-2.95), P =0.09] but not with more proximal colon cancers
[OR=1.02 (0.57-1.65), P=0.96]. In females, the G84E mutation
was not significantly associated with rectosigmoid, rectal, or colon
cancer.

We also tested the association between G84E mutation and risk
for developing multiple types of cancers concurrently. A
significant association was found in males only; 5.39% of mutation
carriers but 2.61% of non-carriers had two or more types of cancer
[OR=243 (1.75-3.36), P=7.96E-08]. When the analysis was
repeated after excluding PCa, NMSC and rectosigmoid cancer,
no association was found [OR=1.11 (0.41-2.97), P=1.00].
These results further suggest the association of G84E mutation
with multiple types of cancer is limited to these three types of
cancer.

DISCUSSION

Our finding that the mutation is associated with risk to multiple
types of cancer is consistent with a report from a large Kaiser
Permanente cohort (N = 83,285) where the mutation was imputed
(P = 0.57 with genotyped data).> For specific types of cancer, we
did not confirm previously reported higher carrier rates found in
patients of bladder cancer,* leukaemia,* kidney cancer,” non-
Hodgkin’s lymphoma,” and breast cancer.’> The number of
mutation carriers were limited (<50) in each of these cancers.

A unique feature of this population-based study was that cancer
cases were not selected based on clinical characteristics or family
history; therefore, results are more applicable to the general
population for developing broad genetic testing and counselling
regarding HOXB13. The strong association of the G84E mutation
and PCa risk (OR=4.81) from this population-based study,
together with the consistent finding from previously published
studies, suggest this mutation be included in germline testing for
assessing PCa risk for men in their thirties and forties. Men positive
for this mutation should be considered as high risk for PCa, and
this information should be considered by physicians and patients
when discussing the need, timing, and frequency of PCa screen-
ing. The clinical implication of the G84E mutation on other types
of cancer such as NMSC and rectosigmoid cancer, however,
requires additional confirmation studies in independent study
populations.

HOX genes encode homeodomain transcription factors that
play a critical role in establishing the basic body plan during
embryogenesis.® HOXB13 expression in the mouse embryo is
highly restricted to the urogenital sinus (i.e. the anlage of the
prostate and bladder), hindgut, and tailbud.® In adult humans,
HOXB13 continues to be highly expressed in the prostate and to a
lesser extent in the bladder, sigmoid and transverse colon, and
skin (The Genotype-Tissue Expression [GTEx]). In the mouse
foetus, HOXB13 plays a role in cutaneous development and
regeneration.'® Thus, several adult tissues which retain HOXB13
expression appear to have an elevated risk of developing cancer in
carriers of the G84E allele. Despite similar expression levels of
HOXB13 in the distal colon and skin in both sexes (GTEXx), increased
cancer risk was observed only in males. While it is tempting to
speculate that androgens may sensitise tissues for G84E-
associated carcinogenesis, the mechanism of this difference
remains unknown.

Several limitations are noted. First, despite being the largest
study on HOXB13, the number of G84E mutation carriers remains
small in individuals with cancers other than prostate. Therefore,
null associations should be interpreted with caution, especially for
relatively uncommon types of cancer. The estimated power was
limited for most of the cancers except NMSC, PCa (in male) and

breast cancer (in female) (Table 1). Second, the age range of
subjects in the UKB (40-69 years) may lead to under-estimated
carrier frequency and OR if the mutation is associated with early
deaths. Third, the reported P-values for the associations between
the G84E mutation and risk to NMSC and rectosigmoid
cancer were not corrected for multiple testing. The associations
of the mutation with NMSC and rectosigmoid cancer were not
statistically significant after adjusting for 42 multiple tests.
Confirmation of these novel findings in an independent popula-
tion is required.

CONCLUSIONS

In conclusion, the HOXB13 G84E mutation carrier rate is relatively
common (0.34%) in European descendants. Male mutation carriers
are clearly at increased risk for PCa, and possibly NMSC and
rectosigmoid cancer, while no evidence of increased risk of any
cancer was observed in females. These findings, if confirmed in
other independent studies, may have potential clinical utility for
genetic counselling.
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